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(57) ABSTRACT

A temperature management method suitable for a memory
storage device having a rewritable non-volatile memory mod-
ule and a memory controller used for controlling the rewrit-
able non-volatile memory module are provided. The tempera-
ture management method includes detecting and determining
whether the hot-spot temperature of the memory storage
device is higher than a predetermined temperature; and when
affirmative, making the memory controller execute a cooling
process, so as to reduce the hot-spot temperature of the
memory storage device. Accordingly, the problem of heat
buildup of the (rewritable non-volatile) memory storage
device can be mitigated, as well as the problems of data loss
and device aging of the (rewritable non-volatile) memory
storage device.
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MEMORY STORAGE DEVICE, MEMORY
CONTROLLER, AND TEMPERATURE
MANAGEMENT METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 100134174, filed Sep. 22, 2011. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Technology Field

The invention relates to a hot-spot temperature manage-
ment method for a memory storage device, and a memory
controller and a memory storage device using the same.

2. Description of Related Art

Along with the rapid growth of digital cameras, cell
phones, and MP3 devices in recent years, the consumers’
demand for storage media has increased drastically. Rewrit-
able non-volatile memory is one of the most adaptable memo-
ries for portable electronic products such as cell phones,
personal digital assistant (PDA) devices, and notebook com-
puters due to its characteristics such as data non-volatility,
low power consumption, small volume, non-mechanical
structure, and high access speed.

Moreover, rewritable non-volatile memory has been
broadly used for storing important personal data thanks to its
small volume and large storage capacity. Therefore, the
rewritable non-volatile memory industry has become a very
important part ofthe electronic industry in recent years. How-
ever, as the volume of the rewritable non-volatile memory
device becomes smaller and smaller, the heat buildup prob-
lem of the rewritable non-volatile memory becomes increas-
ingly significant. If no proper heat dissipation measures are
adopted to control the overall temperature of the rewritable
non-volatile memory device, the rewritable non-volatile
memory device becomes prone to data loss due to the heat
buildup, and the memory device ages at a fast pace.

Nothing herein should be construed as an admission of
knowledge in the prior art of any portion of the present inven-
tion. Furthermore, citation or identification of any document
in this application is not an admission that such document is
available as prior art to the present invention, or that any
reference forms a part of the common general knowledge in
the art.

SUMMARY OF THE INVENTION

Accordingly, the invention is directed to a temperature
management method, a memory controller, and a memory
storage device for mitigating the problems described above.

An exemplary embodiment of the invention provides a
temperature management method suitable for a memory stor-
age device having a rewritable non-volatile memory module
and a memory controller used for controlling the rewritable
non-volatile memory module. The temperature management
method includes detecting and determining whether a hot-
spot temperature of the memory storage device is higher than
a predetermined temperature; and when affirmative, making
the memory controller execute a cooling process, so as to
reduce the hot-spot temperature of the memory storage
device.
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Another exemplary embodiment of the invention provides
a memory controller used for controlling a rewritable non-
volatile memory module of a memory storage device. The
memory controller includes a host interface, a memory inter-
face, and a memory management circuit. The host interface is
configured to couple to a host system. The memory interface
is configured to couple to the rewritable non-volatile memory
module. The memory management circuit is coupled to the
host interface and the memory interface, and the memory
management circuit is configured to execute a cooling pro-
cess for reducing the hot-spot temperature of the memory
storage device when the hot-spot temperature of the memory
storage device is higher than a predetermined temperature.

According to an exemplary embodiment of the invention,
the memory controller further includes a buffer memory
coupled to the memory management circuit, and the buffer
memory configured to temporarily store data from the host
system or data from the rewritable non-volatile memory mod-
ule.

According to an exemplary embodiment of the invention,
the buffer memory may be a dynamic random access memory
(DRAM).

An exemplary embodiment of the invention provides a
memory storage device including a connector, a rewritable
non-volatile memory module, a thermal sensor, and a
memory controller. The connector is configured to couple to
the host system. The thermal sensor is configured to detect the
hot-spot temperature of the memory storage device. The
memory controller is coupled to the connector, the rewritable
non-volatile memory module, and the thermal sensor, and the
memory controller is configured to execute a cooling process
for reducing the hot-spot temperature of the memory storage
device when the hot-spot temperature of the memory storage
device is higher than a predetermined temperature.

According to an exemplary embodiment of the invention,
the rewritable non-volatile memory module includes a plu-
rality of rewritable non-volatile memory dies. Moreover, the
executed cooling process executed includes at least one of the
following:

Lower an internal work frequency of the memory control-
ler;

Lower a work frequency for accessing the non-volatile
memory module;

Lower a total number of the rewritable non-volatile
memory dies being simultaneously accessed;

Lower a total number of rewritable non-volatile memory
dies simultaneously in a busy state;

Increase an interval time between control commands
issued to the rewritable non-volatile memory module;

Stop issuing a cache program control command and a
cache read control command to the rewritable non-volatile
memory module; and

Enter the buffer memory into a self-refresh mode to sus-
pend a controller controlling the DRAM when all of the
rewritable non-volatile memory dies are in a busy state, in
which the busy state represents that the rewritable non-vola-
tile memory dies are currently operating.

According to an exemplary embodiment of the invention,
lowering the internal work frequency of the memory control-
ler may be implemented in practice by lowering the internal
work frequency of the memory controller to a first frequency.
When the hot-spot temperature of the memory storage device
has not been reduced after the internal work frequency has
been lowered to the first frequency for a predetermined time,
the work frequency is lowered from the first frequency to a
lower second frequency; conversely, the internal work fre-
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quency of the memory controller is restored from the first
frequency to a higher original frequency.

According to an exemplary embodiment of the invention,
lowering the work frequency for accessing the rewritable
non-volatile memory module may be implemented in prac-
tice by lowering work frequency for accessing the rewritable
non-volatile memory module (i.e. an access frequency) to a
first frequency. When the hot-spot temperature of the memory
storage device has not been reduced after the access fre-
quency has been lowered to the first frequency for a prede-
termined time, the access frequency is lowered from the first
frequency to a lower second frequency; conversely, the access
frequency is restored from the first frequency to a higher
original frequency.

According to an exemplary embodiment of the invention,
lowering the total number of the rewritable non-volatile
memory dies being simultaneously accessed may be imple-
mented in practice by lowering the total number of the rewrit-
able non-volatile memory dies being simultaneously
accessed (i.e. the total number of dies being simultaneously
accessed) to a first number. When the hot-spot temperature of
the memory storage device has not been reduced after the
total number of dies being simultaneously accessed has been
lowered to the first number for a predetermined time, the total
number of dies being simultaneously accessed is lowered
from the first number to a lower second number; conversely,
the total number of dies being simultaneously accessed is
restored from the first number to a higher original number or
other higher quantities.

According to an exemplary embodiment of the invention,
lowering the total number of the rewritable non-volatile
memory dies simultaneously in the busy state may be imple-
mented in practice by lowering the total number of the rewrit-
able non-volatile memory simultaneously in the busy state
(i.e. the total number of dies simultaneously in the busy state)
to a first number. When the hot-spot temperature of the
memory storage device has not been reduced after the total
number of dies simultaneously in the busy state has been
lowered to the first number for a predetermined time, the total
number of dies simultaneously in the busy state is lowered
from the first number to a lower second number; conversely,
the total number of dies simultaneously in the busy state is
restored from the first number to a higher original number or
other higher quantities.

In summary, according to exemplary embodiments of the
invention, when the hot-spot temperature of the memory stor-
age device reaches a predetermined temperature, a plurality/
single cooling process/mechanism is executed. Accordingly,
the heat buildup problem of the (rewritable non-volatile)
memory storage device is mitigated.

It should be understood, however, that this Summary may
not contain all of the aspects and embodiments of the inven-
tion, that this Summary is not meant to be limiting or restric-
tive in any manner, and that the invention as disclosed herein
is and will be understood by those of ordinary skill in the art
to encompass obvious improvements and modifications
thereto.

In order to make the aforementioned and other features and
advantages of the invention comprehensible, several exem-
plary embodiments accompanied with figures are described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
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illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1A is a schematic block diagram of a host system
using a memory storage device according to an exemplary
embodiment of the invention.

FIG. 1B is a schematic diagram illustrating a computer, an
input/output (I/O) device, and a memory storage device
according to an exemplary embodiment of the invention.

FIG. 1C is a schematic diagram of a host system and a
memory storage device according to another exemplary
embodiment of the invention.

FIG. 2 is a schematic block diagram of the memory storage
device depicted in FIG. 1A.

FIG. 3 is a schematic block diagram of a memory controller
according to an exemplary embodiment of the invention.

FIG. 4 is a flowchart illustrating a temperature manage-
ment method suitable for a memory storage device having a
rewriteable non-volatile memory module according to an
exemplary embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

References will now be made in detail to the exemplary
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

Embodiments of the present invention may comprise any
one or more of the novel features described herein, including
in the Detailed Description, and/or shown in the drawings. As
used herein, “at least one”, “one or more”, and “and/or” are
open-ended expressions that are both conjunctive and dis-
junctive in operation. For example, each of the expressions
“at least on of A, B and C”, “at least one of A, B, or C”, “one
ormore of A, B, and C”, “one or more of A, B, or C”” and “A,
B, and/or C” means A alone, B alone, C alone, A and B
together, A and C together, B and C together, or A, B and C
together.

Itis to be noted that the term “a” or ““an” entity refers to one
or more of that entity. As such, the terms “a” (or “an”), “one
or more” and “at least one” can be used interchangeably
herein.

Typically speaking, a memory storage device (i.e. a
memory storage system) includes a rewritable non-volatile
memory module and a memory controller (i.e. a memory
control circuit). The memory storage device is usually used
together with a host system so that the host system can write
data into or read data from the memory storage device.

FIG. 1A is a schematic block diagram of a host system
using a memory storage device according to an exemplary
embodiment of the invention.

A host system 1000 includes a computer 1100 and an
input/output (I/0) device 1106. The computer 1100 includes
a microprocessor 1102, a random access memory (RAM)
1104, a system bus 1108, and a data transmission interface
1110. The /O device 1106 may include a mouse 1202, a
keyboard 1204, a display 1206, and a printer 1208 as depicted
in FIG. 1B. It should be noted that the devices in FIG. 1B are
not limited to the I/O device 1106. The I/O device 1106 may
include other devices.

Inthe present exemplary embodiment, the memory storage
device 100 is coupled to the other devices/components of the
host system 1000 through the data transmission interface
1110. Based on the operations of the microprocessor 1102,
the RAM 1104 and the /O device 1106, the host system 1000
may write data into the memory storage device 100, or the
host system 1000 may read data from the memory storage
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device 100. The memory storage device 100 may be a flash
drive 1212, a memory card 1214, or a solid state drive (SSD)
1216, for example, as shown in FIG. 1B.

Generally speaking, the host system 1000 may be any
system that can store data. To facilitate description, the
present exemplary embodiment takes the host system 1000 as
a computer system, for example. However, in another exem-
plary embodiment of the invention, the host system 1000 may
also be a cell phone, a digital camera, a video camera, a
communication device, an audio player, or avideo player. For
example, when the host system is a digital camera 1310, the
storage device 100 may be a Secure Digital (SD) card 1312, a
Multimedia Card (MMC) 1314, a Memory Stick (MS) 1316,
a Compact Flash (CF) card 1318, or an embedded storage
device 1320 used by the digital camera 1310, as shown in
FIG. 1C. The embedded storage device 1320 includes an
embedded multimedia card (eMMC). It should be noted that
the eMMC is directly coupled to or disposed on a mother-
board of the host system.

FIG. 2 is a schematic block diagram of the memory storage
device depicted in FIG. 1A. Referring to FIG. 2, the memory
storage device 100 includes a connector 202, a memory con-
troller 204, a rewritable non-volatile memory module 206,
and a thermal sensor 208.

The connector 202 is coupled to the memory controller 204
and configured to couple to the host system 1000. In the
present exemplary embodiment, a kind of transmission inter-
face supported by the connector 202 may be a Serial
Advanced Technology Attachment (SATA) interface. How-
ever, in another exemplary embodiment, the type of the con-
nector 202 may be a Universal Serial Bus (USB) interface, the
a MMC interface, a Parallel Advanced Technology Attach-
ment (PATA) interface, an Institute of Electrical and Elec-
tronic Engineers (IEEE) 1394 interface, a Peripheral Compo-
nent Interconnect Express (PCI-E) interface, a SD interface, a
MS interface, a CF interface, an Integrated Drive Electronics
(IDE) interface, or any suitable interface which is not limited
to the above selection.

The memory controller 204 executes a plurality of logic
gates or control instructions implemented in a hardware form
or a firmware form, and the memory controller 204 performs
various data operations such as data writing, reading, and
erasing in the rewritable non-volatile memory module 206
according to the host commands from the host system 1000.
According to a temperature management method of the
present exemplary embodiment, the memory controller 204 is
configured for executing a plurality of cooling mechanisms
when a hot-spot temperature of the memory storage device
100 reaches a predetermined temperature, and thereby miti-
gate the heat buildup problem of the (rewritable non-volatile)
memory storage device 100. The temperature management
method of the present exemplary embodiment is described
later with reference to the accompanying drawings.

The rewritable non-volatile memory module 206 is
coupled to the memory controller 204 and has a plurality of
rewritable non-volatile memory dies DIE-1-DIE-N. More-
over, the rewritable non-volatile memory dies DIE-1-DIE-N
may be a plurality of multi level cell (MLC) NAND flash
memory dies, although the invention is not limited thereto.
The rewritable non-volatile memory dies DIE-1-DIE-N may
also be single level cell (SLC) NAND flash memory dies,
other flash memory dies, or any other memory dies having the
same characteristics.

The thermal sensor 208 is coupled to the memory control-
ler 204 and configured for detecting the hot-spot temperature
of the memory storage device 100. In the present exemplary
embodiment, the thermal sensor 208 may be disposed in an
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area of the memory storage device 100 having a highest heat
source, such as near the rewritable non-volatile memory mod-
ule 206, for example, although the invention is not limited
thereto.

FIG. 3 is a schematic block diagram of the memory con-
troller 204 according to an exemplary embodiment of the
invention. Referring FIG. 3, the memory controller 204
includes a host interface 2041, a memory management circuit
2043, a memory interface 2045, and a buffer memory 2047.

The host interface 2041 is coupled to the memory manage-
ment circuit 2043 and configured to couple to the host system
1000 via the connector 202. The host interface 2041 is used to
receive and recognize the commands and data transmitted
from the host system 1000. Accordingly, the commands and
data from the host system 1000 are transmitted to the memory
management circuit 2043 via the host interface 2041. In the
present exemplary embodiment, the host interface 2041 cor-
responds to the connector 202 and is a SATA interface. How-
ever, in other exemplarily embodiments, the host interface
2041 may also be a USB interface, an MMC interface, a PATA
interface, an IEEE 1394 interface, a PCI-E interface, an SD
interface, an MS interface, a CF interface, an IDE interface, or
other standardized interfaces.

The memory management circuit 2043 is used to manage/
control the overall operation of the memory controller 204.
For example, the memory management circuit 2043 groups a
plurality of physical blocks in each of the rewritable non-
volatile memory dies DIE-1-DIE-N into a plurality of physi-
cal units for assess, and records the mapping relationships
between the logical access addresses accessed by the host
system 1000 and the physical addresses in the physical
blocks. In the present exemplary embodiment, the memory
management circuit 2043 attributes a corresponding logical
unit to map to the physical unit for enabling data access by the
host system 1000. Therefore, the memory management cir-
cuit must record the constantly updating mapping relation-
ships between the logical units and the physical units (i.e.
maintain a logical unit-physical unit mapping table). More-
over, after communicating with the thermal sensor 208, the
memory management circuit 2043 can cool the hot-spot tem-
perature of the memory storage device 100 by executing a
cooling process when the host-spot temperature is at a pre-
determined temperature (e.g., the cooling process may be
driven or executed by firmware or hardware in the memory
storage device 100).

The memory interface 2045 is coupled to the memory
management circuit 2043 and configured to couple the
memory controller 204 to the rewritable non-volatile memory
module 206. Accordingly, the memory controller 204 may
execute related operations to the rewritable non-volatile
memory module 206. Namely, data to be written into the
rewritable non-volatile memory module 206 is converted by
the memory interface 2045 into a format acceptable to the
rewritable non-volatile memory module 206.

The buffer memory 2047 may be a dynamic random access
memory (DRAM) such as a double data rate (DDR) memory,
although the invention is not limited thereto. The buffer
memory 2047 is coupled to the memory management circuit
2043 and configured to temporarily store data from the host
system 1000 or data from the rewritable non-volatile memory
module 206.

In another exemplary embodiment of the invention, the
memory controller 204 may further include an error checking
and correcting circuit 3002. The error checking and correct-
ing circuit 3002 is coupled to the memory management cir-
cuit 2043 and configured for executing an error checking and
correcting procedure to ensure data accuracy. To be specific,
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when the memory management circuit 2043 receives a write
command from the host system 1000, the error checking and
correcting circuit 3002 generates an error checking and cor-
recting (ECC) code for data corresponding to the write com-
mand, and the memory management circuit 2043 writes the
data corresponding to the write command and the corre-
sponding ECC code into the rewritable non-volatile memory
module 206. Subsequently, when the memory management
circuit 2043 reads the data from the rewritable non-volatile
memory module 206, the memory management circuit 2043
simultaneously reads the corresponding ECC code, and the
error checking and correcting circuit 3002 executes the ECC
procedure for the read data based on the corresponding ECC
code.

In another exemplary embodiment of the invention, the
memory controller 204 may further include a power manage-
ment circuit 3004. The power management circuit 3004 is
coupled to the memory management circuit 2043 and config-
ured for controlling the power of the memory storage device
100. It should be apparent that the memory controller 204
may also include other elements/components available to
control/manage the rewritable non-volatile memory module
206, and therefore further description thereof is omitted.

Hence, referring back to the Description of the Related Art
section, as the volume of the rewritable non-volatile memory
becomes smaller and smaller, the heat buildup problem of the
rewritable non-volatile memory becomes significant. If no
proper heat dissipation measures are adopted to control the
overall temperature of the rewritable non-volatile memory
device, the rewritable non-volatile memory device becomes
prone to data loss due to the heat buildup, and the memory
device ages at a fast pace.

Accordingly, in the present exemplary embodiment, the
memory management circuit 2043 may communicate with
the thermal sensor 208 to know whether the temperature of
the rewritable non-volatile memory module 206, an ambient
temperature, or an internal temperature of the memory stor-
age device 100 is higher than a predetermined temperature
(e.g. a set temperature), in which the temperature detected by
the thermal sensor 208 is referred as the hot-spot temperature
of'the memory storage device 100. For example, the memory
management circuit 2043 may communicate with the tem-
peratures sensor 208 after executing a set amount of control
commands (e.g., read, write, and erase commands) or within
a set amount of time, and thereby become aware of whether
the hot-spot temperature of the memory storage device 100 is
higher than the set temperature. Alternatively, the thermal
sensor 208 may also transmit an interrupt command when the
hot-spot temperature of the memory storage device 100 is
detected to be higher than the set temperature, so the memory
management circuit 2043 is notified that the hot-spot tem-
perature of the memory storage device 100 has become higher
than the set temperature. It should be apparent that the
memory management circuit 2043 may select to be actively
or passively notified of whether the hot-spot temperature of
the memory storage device 100 is higher than the set tem-
perature.

Once the memory management circuit 2043 is notified that
the hot-spot temperature of the memory storage device 100 is
higher than the set temperature (e.g. the predetermined tem-
perature), the memory management circuit 2043 executes the
cooling process related to the firmware of the memory storage
device 100 when the hot-spot temperature of the memory
storage device 100 becomes higher than the set temperature,
and thereby reduce the hot-spot temperature of the memory
storage device 100. Accordingly, the heat buildup problem of
the (rewritable non-volatile) memory storage device 100 can
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be mitigated, and thereby the data loss and aging problems of
the (rewritable non-volatile) memory storage device 100 can
also be alleviated.

Specifically, at least the following options are available for
the cooling process executed by the memory management
circuit 2043:

Lower an internal work frequency of the memory control-
ler 204;

Lower a work frequency for accessing the rewritable non-
volatile memory module 206 (i.e. read and write operations);

Lower a total number of the rewritable non-volatile
memory dies DIE-1-DIE-N being simultaneously accessed;

Lower a total number of the rewritable non-volatile
memory dies DIE-1-DIE-N simultaneously in a busy state, in
which the busy state represents that the rewritable non-vola-
tile memory dies DIE-1-DIE-N are currently operating;

Increase an interval time between control commands
issued to the rewritable non-volatile memory module 206,
namely increasing the interval time between each of com-
mands;

Stop issuing a cache program control command and a
cache read control command to the rewritable non-volatile
memory module 206; and

Enter the buffer memory 2047 (i.e. DRAM) into a self-
refresh mode when the rewritable non-volatile memory dies
DIE-1-DIE-N are all in the busy state, in which the self-
refresh mode refers to a mode that permits a particular system
to temporarily suspend the operation of the controller corre-
sponding to the DRAM but not lose data stored in the DRAM,
and thereby save power.

Inan exemplary embodiment of the invention, lowering the
internal work frequency of the memory controller may be
implemented in practice by the following schemes, although
the invention is not limited to the schemes described hereaf-
ter. The internal work frequency of the memory controller 204
is lowered to a first frequency, and after the hot-spot tempera-
ture of the memory storage device 100 is reduced to a safe
temperature (the safe temperature may not be higher than the
predetermined temperature driving the activation of the cool-
ing process), the internal work frequency of the memory
controller 204 is restored to a higher original frequency.

To be specific, in another exemplary embodiment of the
invention, when the hot-spot temperature of the memory stor-
age device 100 has not been reduced after the internal work
frequency of the memory controller 204 has been lowered to
the first frequency for a predetermined time (specified by
actual design needs/applications), the memory storage device
100 may further lower the internal work frequency of the
memory controller 204 from the first frequency to a lower
second frequency. Moreover, after the hot-spot temperature is
lowered to the safe temperature, the internal work frequency
of'the memory controller 204 is restored/returned to the origi-
nal frequency from the second frequency directly or in
phases. Conversely (namely, the hot-spot temperature of the
memory storage device 100 has been lowered in the prede-
termined time that the internal work frequency of the memory
controller 204 has been lowered), the internal work frequency
of the memory controller 204 is restored from the first fre-
quency to the original frequency.

Inan exemplary embodiment of the invention, lowering the
work frequency for accessing the rewritable non-volatile
memory module 206 may be implemented in practice by the
following schemes, although the invention is not limited to
the schemes described hereafter. The work frequency for
accessing the rewritable non-volatile memory module 206
(i.e. an access frequency) is lowered to a first frequency, and
after the hot-spot temperature of the memory storage device
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100 is reduced to a safe temperature (the safe temperature
may not be higher than the predetermined temperature driv-
ing the activation of the cooling process), the access fre-
quency is restored to a higher original frequency.

Specifically, in another exemplary embodiment of the
invention, when the hot-spot temperature of the memory stor-
age device 100 has not been lowered even when the access
frequency has been lowered to the first frequency for a pre-
determined time (specified by actual design needs/applica-
tions), the access frequency from the first frequency is low-
ered to a lower second frequency from the first frequency.
Moreover, after the hot-spot temperature is lowered to the
safe temperature, the access frequency is restored/returned to
the original frequency from the second frequency directly or
in phases. Conversely, the access frequency is restored from
the first frequency to the original frequency.

In an exemplary embodiment of the invention, lowering the
total number of the rewritable non-volatile memory dies DIE-
1-DIE-N being simultancously accessed may be imple-
mented in practice by the following schemes, although the
invention is not limited to the schemes described hereafter.
The total number of the rewritable non-volatile memory dies
DIE-1-DIE-N being simultaneously accessed (i.e. the total
number of dies being simultaneously accessed) is lowered to
a first number, and after the hot-spot temperature of the
memory storage device 100 is reduced to a safe temperature
(the safe temperature may not be higher than the predeter-
mined temperature driving the activation of the cooling pro-
cess), the total number is restored to a higher original number.

To be specific, in another exemplary embodiment of the
invention, when the hot-spot temperature of the memory stor-
age device 100 has not been lowered even when the total
number of the dies being simultaneously accessed has been
lowered for a predetermined time (specified by actual design
needs/applications), the total number of dies being simulta-
neously accessed is lowered to a lower second number from
the first number. Moreover, after the hot-spot temperature is
lowered to the safe temperature, the total number of dies
being simultaneously accessed is restored/returned to the
original number from the second number directly or in
phases. Conversely, the total number of dies being simulta-
neously accessed is restored from the first number to the
original number or other greater quantities.

In an exemplary embodiment of the invention, lowering the
total number of the rewritable non-volatile memory dies DIE-
1-DIE-N simultaneously in the busy state may be imple-
mented in practice by the following schemes, although the
invention is not limited to the schemes described hereafter.
The total number of the rewritable non-volatile memory dies
DIE-1-DIE-N simultaneously in the busy state (i.e. the total
number of dies simultaneously in the busy state) is lowered to
a first number, and after the hot-spot temperature of the
memory storage device 100 is reduced to a safe temperature,
the total number of the rewritable non-volatile memory dies
DIE-1-DIE-N simultaneously in the busy state is restored to a
higher original number.

Specifically, in another exemplary embodiment of the
invention, when the hot-spot temperature of the memory stor-
age device 100 has not been lowered even when the total
number of dies simultaneously in the busy state has been
lowered for a predetermined time (specified by actual design
needs/applications), the total number of dies simultaneously
in the busy state is lowered to a lower second number from the
first number. Moreover, after the hot-spot temperature is low-
ered to the safe temperature, the total number of the rewritable
non-volatile memory dies DIE-1-DIE-N simultaneously in
the busy state is restored/returned to the original number from
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the second number directly or in phases. Conversely, the total
number of dies simultaneously in the busy state is restored
from the first number to the original number or other greater
quantities.

It should be noted that, when the rewritable non-volatile
memory die supports cache program and cache read func-
tions, the rewritable non-volatile memory die has two buffers
(not drawn), for example a first buffer and a second buffer.
‘When the memory controller transmits the write command to
the rewritable non-volatile memory die, a microprocessor
unit (MCU) in the rewritable non-volatile memory die
receives a write data from the memory controller and tempo-
rarily stores the write data in the first buffer. Thereafter, when
the memory controller issues the cache program control com-
mand, the MCU in the rewritable non-volatile memory die
moves the write data temporarily stored in the first buffer into
the second buffer, and responds to the memory controller that
the write operation is completed. At the same time, the
memory controller may again issue a write command to the
rewritable non-volatile memory die. In other words, the cache
program control command is characterized by allowing the
rewritable non-volatile memory die to simultaneously receive
a data and another data from the memory controller for writ-
ing/programming. In addition, the cache read control com-
mand is characterized by directly reading out the data in the
rewritable non-volatile memory die to the first buffer, and
thereafter transmitting the data to the memory controller. At
the same time, the data temporarily stored in the second buffer
can be written/programmed.

In the present exemplary embodiment, any type of cooling
processes executed by the memory control circuit 2043 can
effectively reduce the hot-spot temperature of the memory
storage device 100. Moreover, the various types of cooling
processes may be executed independently, executed in com-
bination, or even executed one by one according to a set
prioritized order in view of actual design requirements. Fur-
thermore, it should be apparent that besides the aforemen-
tioned types of cooling processes, other cooling processes
executed by the memory controller 204 of the memory stor-
age device 100 also belong to the protective range of the
invention. Accordingly, the various types of cooling pro-
cesses illustrated above are only for exemplifications and
should not be used to limit the scope that is claimed in the
invention.

Based on the exemplary embodiments described above,
FIG. 4 is a flowchart illustrating a temperature management
method suitable for a memory storage device having a
rewriteable non-volatile memory module according to an
exemplary embodiment of the invention. In the present exem-
plary embodiment, the rewritable non-volatile memory mod-
ule may include a plurality of rewritable non-volatile memory
dies. Moreover, the memory storage device may further
include a memory controller used for controlling the rewrit-
able non-volatile memory module, and a sensor used for
detecting the hot-spot temperature of the memory storage
device. The memory controller has a buffer, and the buffer
may be a DRAM or other types of temporary storage memory.

Referring to FIG. 4, the temperature management method
of the present exemplary embodiments includes:

detecting and determining whether the hot-spot tempera-
ture of the memory storage device is higher than a predeter-
mined temperature (Step S401); and

when affirmative, making the memory controller 204
execute a cooling process (Step S403), so as to reduce the
hot-spot temperature of the memory storage device; other-
wise, return to the Step S401 and continue detecting and
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determining whether the hot-spot temperature of the memory
storage device is higher than the predetermined temperature.

The cooling process executed in the Step S403 includes at
least one of the following:

Lower the internal work frequency of the memory control-
ler;

Lower the work frequency for accessing the rewritable
non-volatile memory module;

Lower the total number of the rewritable non-volatile
memory dies being simultaneously accessed;

Lower the total number of the rewritable non-volatile
memory dies simultaneously in the busy state;

Increase the interval time between control commands
issued to the rewritable non-volatile memory module;

Stop issuing a cache program control command and a
cache read control command to the rewritable non-volatile
memory module; and

Enter the buffer memory into the self-refresh mode when
all of the rewritable non-volatile memory dies are in the busy
state.

In the present embodiment, implementing the lowering of
the internal work frequency of the memory controller, imple-
menting the lowering of the work frequency for accessing the
rewritable non-volatile memory module, implementing the
reduction of the total number of the rewritable non-volatile
memory dies being simultaneously accessed, and implement-
ing the reduction of the total number of the rewritable non-
volatile memory dies simultaneously in the busy state in
practice may be similar to the afore-described embodiments,
and therefore further elaboration thereof is omitted hereafter.

Similarly, any type of cooling processes executed in the
Step S403 can effectively reduce the hot-spot temperature of
the memory storage device. Moreover, the various types of
cooling processes may be executed independently, executed
in combination, or even executed one by one according to a
set prioritized order in view of actual design requirements.

In view of the foregoing, according to exemplary embodi-
ments of the invention, when the hot-spot temperature of the
memory storage device reaches a predetermined temperature,
a plurality/single cooling process/mechanism related to the
firmware of the memory storage device is executed. Accord-
ingly, the heat buildup problem of the (rewritable non-vola-
tile) memory storage device is mitigated, as well as the prob-
lems of data loss and device aging for the (rewritable non-
volatile) memory storage device. The previously described
exemplary embodiments of the present invention have the
advantages aforementioned, wherein the advantages afore-
mentioned not required in all versions of the invention.

What are described above are only embodiments of the
invention and do not limit the scope of the invention. Simple
and equivalent variations and modifications according to the
claims and specification of the invention are still within the
scope of the claimed invention. In addition, each of the
embodiments and claims does not have to achieve all the
advantages or characteristics which are disclosed in the
invention. Moreover, the abstract and title only serve to facili-
tate search of patent documents and are not intended in any
way to limit the scope of the claimed invention.

What is claimed is:

1. A temperature management method suitable for a
memory storage device having a rewritable non-volatile
memory module and a memory controller used for control-
ling the rewritable non-volatile memory module, wherein the
memory controller has a buffer memory comprising a
DRAM, and the rewritable non-volatile memory module
comprises a plurality of rewritable non-volatile memory dies,
the temperature management method comprising:
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detecting and determining whether a hot-spot temperature
of the rewritable non-volatile memory module is higher
than a predetermined temperature; and

when affirmative, making the memory controller execute a

cooling process, so as to reduce the hot-spot temperature

of the rewritable non-volatile memory module,

wherein the cooling process comprises at least one of:

lowering a total number of the rewritable non-volatile
memory dies being simultaneously accessed, wherein
at least one of the rewritable non-volatile memory
dies being accessed remains being accessed after the
total number of the rewritable non-volatile memory
dies being simultaneously accessed is lowered; and

lowering a total number of the rewritable non-volatile
memory dies that are simultaneously busy, wherein at
least one of the rewritable non-volatile memory dies
that are busy remains busy after the total number of
the rewritable non-volatile memory dies that are
simultaneously busy is lowered.

2. The temperature management method as claimed in
claim 1, wherein the cooling process comprises:

lowering an internal work frequency of the memory con-

troller to a first frequency; and

after the hot-spot temperature of the rewritable non-vola-

tile memory module is reduced to a safe temperature,
restoring the work frequency to a higher original fre-
quency.
3. The temperature management method as claimed in
claim 1, wherein the cooling process comprises:
lowering a work frequency for accessing the rewritable
non-volatile memory module to a first frequency; and

after the hot-spot temperature of the rewritable non-vola-
tile memory module is reduced to a safe temperature,
restoring the work frequency to a higher original fre-
quency.

4. The temperature management method as claimed in
claim 1, wherein the rewritable non-volatile memory module
comprises a plurality of rewritable non-volatile memory dies,
and the cooling process comprises:

lowering a total number of the rewritable non-volatile

memory dies being simultaneously accessed to a first
number; and

when the hot-spot temperature of the rewritable non-vola-

tile memory module is reduced to a safe temperature
after the total number has been lowered to the first num-
ber, restoring the total number to a higher original num-
ber.

5. The temperature management method as claimed in
claim 1, wherein the rewritable non-volatile memory module
comprises a plurality of rewritable non-volatile memory dies,
and the cooling process comprises:

lowering a total number of the rewritable non-volatile

memory dies that are simultaneously busy to a first num-
ber wherein a status of simultaneously busy represents
that the rewritable non-volatile memory dies are cur-
rently operating; and

when the hot-spot temperature of the rewritable non-vola-

tile memory module is reduced to a safe temperature
after the total number has been lowered to the first num-
ber, restoring the total number to a higher original num-
ber.

6. The temperature management method as claimed in
claim 1, wherein the cooling process comprises:

increasing an interval time between control commands

issued to the rewritable non-volatile memory module in
an original work frequency.
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7. The temperature management method as claimed in
claim 1, wherein the cooling process comprises:
stop issuing a cache program control command and a cache
read control command to the rewritable non-volatile
memory module.
8. The temperature management method as claimed in
claim 1, wherein the cooling process further comprises at
least one of:
lowering an internal work frequency of the memory con-
troller;
lowering a work frequency for accessing the rewritable
non-volatile memory module;
stop issuing a cache program control command and a cache
read control command to the rewritable non-volatile
memory module;
increasing an interval time between control commands
issued to the rewritable non-volatile memory module;
and
entering the buffer memory into a self-refresh mode to
suspend a controller controlling the DRAM when all of
the rewritable non-volatile memory dies are busy.
9. A memory controller used for controlling a rewritable
non-volatile memory module of a memory storage device, the
memory controller comprising:
a host interface configured to couple to a host system;
a memory interface configured to couple to the rewritable
non-volatile memory module comprising a plurality of
rewritable non-volatile memory dies;
amemory management circuit coupled to the host interface
and the memory interface, and configured to execute a
cooling process for reducing a hot-spot temperature of
the rewritable non-volatile memory module when the
hot-spot temperature of the rewritable non-volatile
memory module is higher than a predetermined tem-
perature; and
a buffer memory coupled to the memory management cir-
cuit, and configured to temporarily store data from the
host system or data from the rewritable non-volatile
memory module, wherein the buffer memory comprises
a DRAM;
wherein the cooling process executed by the memory man-
agement circuit comprises at least one of:
lowering a total number of the rewritable non-volatile
memory dies being simultaneously accessed, wherein
at least one of the rewritable non-volatile memory
dies being accessed remains being accessed after the
total number of the rewritable non-volatile memory
dies being simultaneously accessed is lowered; and

lowering a total number of rewritable non-volatile
memory dies that are simultaneously busy, wherein at
least one of the rewritable non-volatile memory dies
that are busy remains busy after the total number of
the rewritable non-volatile memory dies that are
simultaneously busy is lowered.

10. The memory controller as claimed in claim 9, wherein
the cooling process executed by the memory management
circuit further comprises:

lowering an internal work frequency of the memory con-
troller;

lowering a work frequency for accessing the rewritable
non-volatile memory module;

stop issuing a cache program control command and a cache
read control command to the rewritable non-volatile
memory module;

entering the buffer memory into a self-refresh mode to
suspend a controller controlling the DRAM when all of
the rewritable non-volatile memory dies are busy; and
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increasing an interval time between control commands

issued to the rewritable non-volatile memory module.

11. A memory storage device, comprising:

a connector configured to couple to a host system;

a rewritable non-volatile memory module comprising a

plurality of rewritable non-volatile memory dies;

a thermal sensor configured to detect a hot-spot tempera-

ture of the rewritable non-volatile memory module; and

a memory controller coupled to the connector, the rewrit-

able non-volatile memory module, and the thermal sen-
sor, and configured to execute a cooling process for
reducing the hot-spot temperature of the rewritable non-
volatile memory module when the hot-spot temperature
of the rewritable non-volatile memory module is higher
than a predetermined temperature, wherein the memory
controller further comprises:

a host interface configured to couple to the host system;

a memory interface configured to couple to the rewrit-
able non-volatile memory module;

a memory management circuit coupled to the host inter-
face and the memory interface, configured to execute
the cooling process for when the hot-spot temperature
of the rewritable non-volatile memory module is
higher than the predetermined temperature; and

a buffer memory coupled to the memory management
circuit, and configured to temporarily store data from
the host system or data from the rewritable non-vola-
tile memory module, the buffer memory comprising a
DRAM,

wherein the cooling process executed by the memory man-

agement circuit comprises at least one of:

lowering a total number of the rewritable non-volatile
memory dies being simultaneously accessed, wherein
at least one of the rewritable non-volatile memory
dies being accessed remains being accessed after the
total number of the rewritable non-volatile memory
dies being simultaneously accessed is lowered; and

lowering a total number of rewritable non-volatile
memory dies that are simultaneously busy, wherein at
least one of the rewritable non-volatile memory dies
that are busy remains busy after the total number of
the rewritable non-volatile memory dies that are
simultaneously busy is lowered.

12. The memory storage device as claimed in claim 11,
wherein the cooling process executed by the memory man-
agement circuit comprises:

lowering an internal work frequency of the memory con-

troller to a first frequency; and

when the hot-spot temperature of the rewritable non-vola-

tile memory module has not been reduced after the work

frequency has been lowered to the first frequency for a

predetermined time, lowering the work frequency from

the first frequency to a lower second frequency; or else,
restoring the work frequency from the first frequency to

a higher original frequency.

13. The memory storage device as claimed in claim 11,
wherein the cooling process executed by the memory man-
agement circuit comprises:

lowering a work frequency for accessing the rewritable

non-volatile memory module to a first frequency; and

when the hot-spot temperature of the rewritable non-vola-
tile memory module has not been reduced after the work

frequency has been lowered to the first frequency for a

predetermined time, lowering the work frequency from

the first frequency to a lower second frequency; or else,
restoring the work frequency from the first frequency to

a higher original frequency.
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14. The memory storage device as claimed in claim 11,
wherein the cooling process executed by the memory man-
agement circuit comprises:

lowering a total number of the rewritable non-volatile

memory dies being simultaneously accessed to a first
number; and

when the hot-spot temperature of the rewritable non-vola-

tile memory module has not been reduced after the total
number has been lowered to the first number for a pre-
determined time, lowering the total number from the
first number to a lower second number; or else, restoring
the total number from the first number to a higher origi-
nal number.

15. The memory storage device as claimed in claim 11,
wherein the cooling process executed by the memory man-
agement circuit comprises:

lowering a total number of the rewritable non-volatile

memory dies that are simultaneously busy to a first num-
ber wherein a status of simultaneously busy represents
that the rewritable non-volatile memory dies are cur-
rently operating; and

when the hot-spot temperature of the rewritable non-vola-

tile memory module has not been reduced after the total
number has been lowered to the first number for a pre-
determined time, lowering the total number from the
first number to a lower second number; or else, restoring
the total number from the first number to a higher origi-
nal number.
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16. The memory storage device as claimed in claim 11,
wherein the cooling process executed by the memory man-
agement circuit comprises:

increasing an interval time between control commands

issued to the rewritable non-volatile memory module in
an original work frequency.

17. The memory storage device as claimed in claim 11,
wherein the cooling process executed by the memory man-
agement circuit comprises:

stop issuing a cache program control command and a cache

read control command to the rewritable non-volatile
memory module.

18. The memory storage device as claimed in claim 11,
wherein the cooling process executed by the memory man-
agement circuit further comprises:

lowering an internal work frequency of the memory con-

troller;

lowering a work frequency for accessing the rewritable

non-volatile memory module;

stop issuing a cache program control command and a cache

read control command to the rewritable non-volatile
memory module;

increasing an interval time between control commands

issued to the rewritable non-volatile memory module;
and

entering the buffer memory into a self-refresh mode to

suspend a controller controlling the DRAM when all of
the rewritable non-volatile memory dies are busy.
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